This study aimed to evaluate the fecal recovery of the internal markers indigestible dry matter (iDM), indigestible neutral detergent fiber (iNDF), and indigestible acid detergent fiber (iADF) and to compare them as estimators of the fecal dry matter output (FDMO) and digestibility of the dry matter (DM) with values observed in total feces collection in trials with feedlot sheep. For this, 82 sampling units from two experiments were evaluated. Internal markers were quantified in the feed supplied, orts, and feces. The recovery of the markers was determined by the comparison of the amount of marker consumed and excreted. Fecal dry matter output and digestibility were determined based on the amount of marker consumed and on its concentration in the feces through individual collections directly from the rectum of the animals, with values compared with those observed in the total feces collection from orthogonal contrasts. The mean bias, the concordance correlation coefficient, and the mean squared prediction error were also evaluated. For all statistical procedures, the critical level of probability for type-I error was fixed at 0.05. The marker iDM showed complete fecal recovery (100.03%) and was efficient in estimating FDMO (482.9 g day -1 ) and DM digestibility (542 g kg -1 ) as compared with the values observed in the total feces collection (454.7 g day -1 and 561 g kg -1 for FDMO and DM digestibility, respectively). The iNDF and iADF markers did not show complete recovery in the feces and were not effective in the estimate of FDMO and DM digestibility. Key words: Fecal excretion. Indigestible components. Methodology.
Introduction
The starting point of the estimate of dietary digestibility parameters is obtaining the consumed portion undigested and absorbed during the passage through the gastrointestinal tract, represented naturally by the feces excreted by the animal.
Obtaining estimates of fecal excretion via total feces collection is a costly process that requires strict control of the daily intake and excretion and also that animal adapt to cages and collection bags, causing discomfort and interfering with their behavior, which ultimately makes it an unfeasible practice in situations such as grazing trials. Alternatively, indirect methods have been proposed to estimate digestibility and fecal output parameters, among which is the use of markers that has stood out for advantages over total feces collection like its simplicity and practicality (DETMANN et al., 2007; CABRAL et al., 2008; SAMPAIO et al., 2011; CARVALHO et al., 2013) .
A marker consists of a substance or a compound employed for monitoring physical or chemical aspects of digestion. It can be of external (exotic to the diet components) or internal nature (a component of the diet). For a marker to be considered ideal, it must not be absorbed, or it must have constant and known digestibility; it must not affect or be affected by the gastrointestinal tract or its microbial population; it must flow separately or be physically similar or closely linked to the material to be evaluated; and it must have a rapid and precise method of evaluation (DETMANN et al., 2007) .
In general, internal markers naturally display some characteristics of ideal markers. Their main features are the non-negative influence on the animal digestive and microbial systems, and separate flow from the evaluated material, as they are natural components of feed. Thus, the determination of the ideal characteristics of markers of this nature should be focused on questions related to their recovery after being subjected to the gastrointestinal tract events (DETMANN et al., 2007) .
There are many studies involving the evaluation of these markers, but results are still divergent. Cabral et al. (2008) evaluated the internal markers indigestible neutral detergent fiber (iNDF) and indigestible acid detergent fiber (iADF) obtained in vitro in the determination of the fecal dry matter output (FDMO) and digestibility and concluded that iNDF was precise in the determination of both; the iADF, however, overestimated FDMO and underestimated the digestibility in an experiment with cattle.
In determining FDMO in feedlot sheep, Sampaio et al. (2011) evaluated the internal markers indigestible dry matter (iDM), iNDF, and iADF and concluded that all markers were effective.
In a trial with sheep, Detmann et al. (2007) analyzed only the fecal recovery of the markers iDM, iNDF, and iADF and observed complete recovery of the first two, thereby demonstrating their applicability in digestibility trials. However, iADF displayed a larger excretion than the amount ingested by the animal, which made its use impracticable. Vargas (2011) , in turn, concluded that iADF was effective and iNDF was ineffective in determining digestibility in sheep.
Analyzing the use of the markers in both sheep and goat, Carvalho et al. (2013) concluded that iDM and iNDF showed complete fecal recovery, whereas iADF had an incomplete recovery.
Given the considerations above, this study aimed to evaluate the fecal recovery of the internal markers iDM, iNDF, and iADF, and to compare the FDMO and DM digestibility values calculated using the markers with those observed in total feces collection in experiments with feedlot sheep.
Material and Methods
The experiment was carried out in the Laboratory of Animal Nutrition of Universidade Estadual de Santa Cruz (UESC), located in Ilhéus -BA, Brazil.
To evaluate the effectiveness of use of the internal markers, samples of feed supplied, orts, and feces from 18 Santa Inês sheep were used, consisting of eight animals from an experiment with inclusion of cocoa meal in the diet (8 animals × 4 periods = 32 sampling units) and ten animals from an experiment with inclusion of different levels of crude glycerin in the diet (10 animals × 5 periods = 50 sampling units). Both experiments were conducted in a double Latin square design (4 × 4 and 5 × 5) in which each period comprised 21 days, with the first 16 used for the adaptation of animals and the last 5 for total feces collection, besides daily collection of feed and orts. Samples were incubated in situ according to the method described by Casali et al. (2008) for determination of the iDM, iNDF, and iADF contents.
The amount of marker ingested (MI) was obtained by the following formula (SAMPAIO et al., 2011) :
where FS is the amount of feed supplied; M Feed is the marker content in the feed supplied; Orts is the amount of orts; and M Orts is the marker content in the orts.
The formula (SAMPAIO et al., 2011) below was used to determine the amount of marker excreted (ME):
where Feces is the amount of feces obtained in the total collection and M Feces is the marker content in the feces
Fecal recovery (FRC) was determined by the following formula (SAMPAIO et al., 2011) :
The FDMO and the DM digestibility (DMD) were estimated from each marker using the following formulae (SAMPAIO et al., 2011): and The fecal output and apparent digestibility of the dry matter obtained by using the markers were compared with the data observed in the total feces collection.
To evaluate the recovery of the markers, an analysis of variance was performed to compare the amounts ingested and excreted of each marker.
The fecal excretion and digestibility estimated with the use of the markers were evaluated by the decomposition of the sum of squares by orthogonal contrasts (Table 1) .
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TFC -total feces collection; iDM -indigestible dry matter; iNDF -indigestible neutral detergent fiber; iADF -indigestibles acid detergente fiber Contrast A: TFC vs. iDM; Contrast B: TFC vs. iNDF; Contrast C: TFC vs. iADF.
The contrasts were made to compare the values obtained with the total feces collection in relation to the markers iDM (contrast A), iNDF (contrast B), and iADF (contrast C). The analysis of variance and the orthogonal contrasts were performed on SAS software (2001), adopting 0.05 as the critical level of probability for type-I error. The mean bias (MB) was calculated according Cochran and Cox (1957) , using the equation below:
Where: x = observed values; y = predicted values.
The concordance correlation coefficient (CCC), also known as reproducibility index, which considers exactness and precision simultaneously, was calculated according to Lin (1989) .
The comparative evaluation of the efficiency of prediction of the equations was undertaken by analyzing the mean squared prediction error (MSPE), as described by Bibby and Toutenburg (1977) , according to the equation below:
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Results and Discussion
In the evaluation of the results for the fecal recovery of the markers (Table 2) , it was found that only the marker iDM showed the same excretion and intake (P>0.05).
Only the marker iDM did not differ (P>0.05) in the analysis of variance. Therefore, the marker excretion values are similar to the marker ingestion values.
Based on the analysis of variance, it was observed that the marker iDM showed complete fecal recovery, i.e., the amount ingested did not differ (P>0.05) from the amount excreted. The result of the evaluation of the markers iNDF and iADF was different (P<0.05), indicating the low precision of these markers and demonstrating the underestimate of fecal recovery; in other words, the excreted amount was lower than the ingested amount, thus preventing its use as an estimator of FDMO and digestibility. The incomplete recovery may be a result of the accumulation of methodological errors, given that the method of determination of iNDF and iADF is sequential and obtained after determining iDM. The literature also reports that because of the lower concentration of iADF as compared with iDM and iNDF in the feedstuffs, the reliability of the analysis is compromised (DETMANN et al., 2004) . Carvalho et al. (2013) observed total recovery of the markers iDM and iNDF and incomplete recovery of iADF, in both sheep and goat, contrasting the present experiment as regards iNDF.
Other experiments have shown results partially similar to those found in the present study. Detmann et al. (2007) observed complete recovery of iDM in a study with sheep consuming coast cross (Cynodon dactilon) hay and a concentrate based on corn and soybean meal. These authors also observed complete recovery of iNDF. Sampaio et al. (2011) , however, in an experiment with cattle, observed complete recovery of the marker iDM, in addition to iNDF and iADF, which was not found in the present study.
The abovementioned studies (DETMANN et al., 2007; SAMPAIO et al., 2011; CARVALHO et al., 2013) had conclusions about the effectiveness of the markers based on the evaluation of their fecal recovery and the "long-term bias", which is defined as a marker's ability to be excreted in a similar amount to that consumed, in this regard, an effective marker should preset zero "long-term bias" (DETMANN et al., 2007) . Apparently, various conditions are associated with the total recovery or not of the internal markers in these trials; for example, the type of diet (ingredients and nutrient content), analytical methods (particle size, filtration system, incubation time, condition of the animals used during the in situ incubation), among others.
In this study, in addition to the fecal recovery of the marker, the effectiveness of the markers in determining FDMO was also evaluated and the same behavior was observed, in which the values calculated with the use of the marker iDM were similar (P>0.05) and those calculated with the use of iNDF or iADF were different (P<0.05) from the values observed in the total feces collection. Because the digestibility is estimated from FDMO, a difference was also observed between the digestibility estimate obtained from total feces collection and between the markers iNDF and iADF. When the FDMO is overestimated, the DM digestibility value is underestimated, because if fecal excretion is higher, the amount retained (digested and absorbed) by the gastrointestinal tract will be lower.
The marker iDM was the only one able to precisely estimate the FDMO observed in the total feces collection (Table 3) . The only marker that did not show differences (P>0.05) between the estimated fecal output values and those observed in the total feces collection was iDM (contrast A). This marker also showed higher R 2 (0.645) and CCC (0.744), a MB (-25.384) closer to 0, and a lower MSPE (12952.931) than the others, suggesting that it is the most suitable for the estimate of FDMO. Despite having a difference (P<0.05) in relation to the total feces collection, the marker iNDF (contrast B), based on the observation of the R 2 , CCC, MB, and MSPE values, showed to be more adequate than iADF for the same estimate.
In evaluating the DM digestibility values, the marker iDM precisely estimated the values observed in the total feces collection (Table 4) .
Once again, only the marker iDM (contrast A) did not show a difference (P>0.05) between the digestibility values estimated and those calculated via total feces collection. The iDM showed higher R 2 (0.732) and CCC (0.744), a MB (1.844) closer to 0, and a lower MSPE (102.121) than the other markers, thus being the most suitable to estimate digestibility. Despite the difference (P<0.05) in relation to the total feces collection, the marker iNDF (contrast B), based on the R 2 , CCC, MB, and MSPE values, showed to be more adequate than iADF for the same estimate. The literature is controversial when it comes to the use of internal markers. For instance, Cabral et al. (2008) observed that iNDF was effective in determining the FDMO and DM digestibility in cattle fed corn silage, Tifton-85 grass hay and elephant-grass silage; iADF, in turn, was effective in determining the analyzed variables only when the animals consumed the corn or elephant-grass silages, but was ineffective when the hay was used. Ferreira et al. (2009) observed different results in two experiments. In experiment 1, using crossbred heifers fed sugarcane + urea, iNDF was effective in determining the digestibility of DM, while iADF underestimated this variable. In experiment 2, however, using lactating cows fed corn silage and 4 kg concentrate per day, iADF had a precise estimate, whereas iNDF overestimated the DM digestibility.
Evaluating data and samples from six independent experiments with sheep fed different feedstuffs in each experiment (hays of Kikuyu grass [Pennisetum clandestinum], Barnyard grass [Echinochloa sp.] and Tifton 85 grass [Cynodon sp.] , with and without the presence of several supplements), Kozloski et al. (2009) observed recovery closer to 100% of the marker iDM compare with the marker iNDF.
However, when the digestibility of the dry matter was estimated with the markers compared with the value observed in the total feces collection, the iDM underestimated results in four out of six experiments, whereas iNDF underestimated digestibility in all experiments.
Vargas (2011) utilized Guinea grass (Panicum maximum) in sheep feeding and concluded that iADF was effective in determining the DM digestibility, while iNDF underestimated this variable. Lee and Hristov (2013) supplied two levels of crude protein (CP) to lactating Holstein cows and observed that the marker iNDF underestimated FDMO and consequently overestimated the digestibility of DM when the diet contained a high CP content. In the diets with low CP, however, the response was the opposite, with iNDF overestimating FDMO and underestimating DM digestibility, all of them relatively to the values observed in the total feces collection.
Because they depend on the value of FDMO, the same factors of variation mentioned above such as types of diets and analytical methods, will also be present in the determination of digestibility through the use of internal indicators.
The results of this study showed that iDM was only the marker to be completely recovered in the feces and that precisely estimated the FDMO and DM digestibility values.
Conclusions
The internal markers iNDF and iADF show incomplete fecal recovery, thereby preventing their use as estimators of FDMO and DM digestibility in experiments with feedlot sheep.
The internal marker iDM is completely recovered in the feces and is able to precisely estimate FDMO and DM digestibility values in experiments with feedlot sheep.
